Introduction
Patients at risk of rapid deterioration and critical illness often have preceding changes in their physiological parameters. [1] [2] [3] Delays in the recognition and treatment of these changes increases the risk of cardio-respiratory arrest and death in Critical Care environments. 4 Track and trigger systems, such as the Modified Early Warning Score (MEWS), have been demonstrated to have some utility in identifying these patients particularly among general medical and surgical patients. 1, 5, 6 However, the scores have also been demonstrated to have low specificity. [7] [8] [9] Furthermore, it has been shown that some of the physiological parameters utilized in the scores have poor predictive value of acute deterioration. 9 NEWS (NHS early warning score) has been proposed as a standardized scoring system to detect acutely unwell patients and ensure consistent clinical response for all NHS inpatients. 10 Track and trigger systems may lack specificity for individual conditions and their effectiveness for oncology patients has not been evaluated. Early recognition of deteriorating Oncological patients is important not only in order to facilitate treatment, but also so that decisions can be made as to whether admission to Critical Care and cardiopulmonary resuscitation are appropriate. We examined the effectiveness of track and trigger systems for oncology patients and aimed to identify the key physiological parameters predicting catastrophic deterioration in this population.
Methods
A retrospective study was performed at a specialist oncology hospital in the North West of England based on data collected between April 2009 and January 2011. The hospital has seven Critical Care Unit (CCU) beds and a Critical Care outreach service. The data were collected from proformas completed by Acute Oncology Nurse Specialists (AONS) when they were asked to assess patients and included patient characteristics, including their cancer type, reason for referral to AONS and physiological parameters. The MEWS used at the hospital is shown in Table 1 .
The AONS checked respiratory rate, oxygen saturations and the details of any oxygen therapy, pulse rate, capillary refill time, systolic and diastolic blood pressure, temperature, urine output and responsiveness score (based on the AVPU score A for 'alert', V for 'reacting to vocal stimuli', P for 'reacting to pain' and U for 'unconscious'). This data were used to calculate the proposed NEWS 10 so that its effectiveness could also be evaluated ( Table 2 ). The reason for admission, length of hospital stay, admission to Critical Care and date of death (if appropriate) were also collected.
The primary outcome measures evaluated were CCU admission and 30 day mortality. Patients who were discharged from hospital without CCU admission and were alive at 30 days were used as the control group. The data were analysed using SPSS (version 16, Chicago, IL). The Mann-Whitney U-test was used to assess the effectiveness of the scores at predicting the primary outcomes. Univariate analysis was used to assess which parameters were most predictive of outcome-MannWhitney tests were applied to continuous data and the chi-squared test was used for categorical data. The data were used to create receiver operator characteristic curves so that the effectiveness of the scores in determining both outcomes could be assessed. Logistic regression analyses were performed to evaluate which physiological parameters are predictive of the main outcomes.
Results
During the observation period, data for 850 patients were collected. 10 patients with incomplete physiological parameter observations were excluded. No Figures 1 and 2 show the relationship between MEWS and the two primary outcome variables. MEWS was statistically significant in predicting CCU admission (P = 0.037), 30 day mortality (P = 0.004) and hospital death within 30 days (P 4 0.0001). 30 day mortality data include patients who were transferred to the hospice or for terminal care at home and died within this period. NEWS was also statistically significant in predicting CCU admission (P = 0.00046), 30 day mortality (P = 0.0003) and hospital death within 30 days (P 4 0.0001). The median MEWS of patients admitted to CCU was 5 as compared to a value of 4 for patients not admitted (NEWS median of 8 in patients admitted compared to 7). Patients with a 30 day mortality had a median MEWS of 5-those alive at 30 days had a median score of 4 (NEWS 8 in comparison with 7). Figures 3 and 4 show receiver operating characteristic curves (ROC) analysing the ability of MEWS and NEWS at predicting both outcomes. They demonstrate that both scores have poor predictive discriminatory value. The ROC score of MEWS to predict CCU admission was 0.55 and for NEWS was 0.59. The 30 day mortality ROC score of MEWS equalled 0.60 and for NEWS 0.62. Table 4 shows logistic regression analyses to determine the effectiveness of each variable to predict CCU admission and 30 day mortality. Of the components of the MEWS only temperature and respiratory rate were predictive of both outcomes. Neither pulse rate or systolic and diastolic blood pressure were predictive of either outcome. Capillary refill time and FiO 2 were both predictive of CCU admission and 30 day mortality. The disease group was predictive of CCU admission and the length of time in hospital before triggering a referral to AONS/ Critical Care outreach of 30 day mortality.
Discussion
National Institute of Clinical Excellence (NICE) guidelines recommends the use of physiological track and trigger systems to optimize care in acutely unwell patients. 11 Although MEWS has been shown at being predictive of mortality and the need for Critical Care admission there is currently variation in the scores used in UK hospitals. It is possible that disease-specific MEWS will improve its effectiveness at identifying these patients.
In oncology patients, the selection of those who may benefit from Critical Care admission is crucial. 
MEWS score Number of patients
Did not die in hospital w ithin 30 days Hospital mortality w ithin 30 days This in part is driven by the limited availability of Critical Care beds. Early recognition of acutely unwell oncology patients at risk of clinical deterioration is important not only to instigate treatment but also to facilitate decisions regarding whether escalation of care and cardiopulmonary resuscitation is appropriate. In our study, patients with haematological malignancy were more likely to be admitted to CCU but those with lung and gynaecological malignancies were the most commonly referred to AONS.
Track and trigger systems ideally should reflect that some disease groups are more likely to require escalation to Critical Care. As continued improvements in oncology treatment occur these decisions will become more challenging and the demand for Critical Care beds in this cohort is likely to increase. Our study shows that although patients with higher early warning scores have poorer outcomes, both the proposed NEWS and our locally used MEWS have limited benefit in determining the key goal of predicting which patients require Critical Care admission and also 30 day mortality. The low ROC scores of the track and trigger systems suggests that they have minimal clinical value in discriminating between patients. Our study also shows that key prognostic predictors of acute deterioration in unwell oncology patients, such as capillary refill time, FiO 2 and type of malignancy are currently not utilized in the score whereas parameters, such as blood pressure and pulse rate, which appear to have less predictive value in this cohort are included. This suggests that an improved track and trigger score for oncology patients could be devised, although the heterogeneity of this cohort may render all proposed systems limited.
Continued improvement in the treatment modalities and prognosis for oncology patients will result in an increased number of acute medical admissions in this population. Therefore, the development of a more specific track and trigger score, with predictive and discriminatory value, for this cohort is likely to be of value. The system will need to remain suitable for use at the bedside. Further studies are needed to develop the optimal scoring system and ensure that it can be applied in a clinical setting.
The mortality rate in cancer patients admitted to Critical Care is high. 12 This is, in part, due to an apparent tendency for organ dysfunction in this cohort. Critical Care admission incurs considerable costs and an improved predictive model, sensitive enough to select patients who will not survive their hospital/Critical Care admission, could be utilized to reduce health care costs.
Conclusion
The currently used track and trigger systems have poor discriminatory value in identifying Oncological patients at risk of deterioration and requiring Critical Care admission. An adapted score more focused upon the key predictive physiological parameters in this population needs to be developed to produce a more effective tool.
